INTRODUCTION
This is the second of a two-part paper describing the meteorology and tropospheric chemistry of the south central United States during summer, focusing on the role of convection in the distribution of photochemically active pollutants. Because long-term monitoring of trace gas profiles is impractical, part 1 [Ryan et al., 1992 ] develops a regional climatology with emphasis on vertical mixing. Here, we present altitude profiles and statistics of trace gas mixing ratios characteristic of those climatological categories in order to understand better the physical processes that control the chemical composition of the atmosphere. Part 1 describes the meteorology during the 18 research flights and provides a summary of the objectives and key components of the Preliminary Regional Experiment for Table  1 Ferrous sulfate effieienfiy reduces NO2 to NO [Kelly et al., 1980; Fehsenfeld et al., 1987; Nunnermacker, 1990 ] but suffers from a peroxyaeetyl nitrate (PAN) interference [Fehsenfeld et al., 1987] . Recent tests in our laboratory indicate that under typical experimental conditions described in this paper, PAN is converted to NO with 75 to 95% efficiency. The RONO2 interference on FeSO 4 reported in Fehsenfeld et al. [1987] was not demonstrated in recent laboratory tests [Nunnermacker, 1990] . In the background troposphere, PAN concentrations may approach or exceed those of NO,` (NO,` = NO + NO2) [Singh and Hanst, 1981; Singh and Salas, 1983; Singh et al., 1985; Ridley et al., 1990] . We believe that the signal arising from conversion on FeSO 4 is most accurately represented by the sum of NO, NO2, and PAN (NO,,* = NO + NO 2 -3-PAN). (The reader is referred to Nunnermacker [1990] , FehsenfeM et al. [1987] , and references therein for further details.) NO,`* data are included here for comparison with earlier measurements made with FeSO 4 [Dickerson, 1984 [Dickerson, , 1985 Under aircraft conditions the detection limit at the 95 % confidence level, defined as a signal-to-noise ratio of unity for -t-2a of the noise level in the background mode, is approximately 20 ppt (parts per 10 •2 by volume) NO for a 10-s integration time. The detection limit can be reduced with longer averaging times, for example, the detection limit is about 5 ppt when fifteen 10-s averages are combined. Noise from sources other than the background signal, such as cosmic rays and NMHCs, begin to become important at longer averaging times. In this paper, reactive nitrogen mixing ratios are presented with 1 ppt resolution for numerical accuracy, but resolution below about 5 ppt is not statistically significant. We estimate the uncertainty of the measurements to be approximately _+ 12• % Ior NO and 4-25% for NOy (see Fehsenfeld et al. [1987] and Nunnermacker [1990] for further details). The NO detector was calibrated in flight at the 0.6-6.0 ppb level by dynamically diluting a secondary NO standard (Scott Specialty Gases, Plumbsteadville, Pennsylvania) with a larger flow of zero air. Reference against a NIST standard reference material (NO/N 2 balance, SRM 48-55BL) showed that the calibration gas contained 1.47 ppm (parts per 106 by volume) NO . On the only research mission flown at night (R16), NO was below the detection limit after sunset, indicating no measurable instrument artifact.
STORM-CENTRAL (PRE-STORM) and Processing of Emissions by Clouds and Precipitation (PRECP) experiments.
Due to the extreme variability of water vapor concentration in the troposphere, a small flow of humidified air (100 cm 3 min 4 at STP) was added at the detector inlet to keep the humidity of the sample air stream within a narrow range. A moistened airflow ensures rapid conversion of NO 2 on FeSO4, minimizes the memory effect of the molybdenum converter, helps keep the sensitivity of NO detection constant, reduces background noise, and minimizes the conversion of reduced nitrogen species on the heated molybdenum catalyst [Carroll et al., 1985; Dickerson, 1985; Drummond et al., 1985; Fehsenfeld et al., 1987; Nunnermacker, 1990] . Finally, the instrument was flushed with zero air during takeoff and landing to prevent contamination in the polluted airport environment.
RESULTS AND DISCUSSION
In order to organize the substantial data set collected during 18 flights of the Sabreliner (Table 2 ) the trace gas mixing ratios were first placed within the appropriate meteorological context [Ryan et al., this issue]. The flights were separated according to the meridional flow into polar (P) or maritime tropical (mT) categories. Within these general flow patterns, subcategories representing modified conditions (P(mod), roT(rood)) were identified. Episodes of frontal passage (fropa) mark the transition between the categories. Each trace gas observation was then placed into one of 10 layers (abbreviated L1 to L10) of equal pressure thickness (---82 mbar), based on the pressure altitude of the observation (NOAA, U.S. Standard Atmosphere, 1976); see Table 3 . The great majority of NO observations were made when the solar zenith angle was less than 40ø; thus no correction is made for the variable rate of NO2 photolysis. Layer P/P(mod) mT mT(mod) Fropa and median concentrations may be found in Table 7 . In general, the trace gas data are not described by normal distributions. The following discussion will thus focus on median, rather than mean, concentrations. While several thousand individual trace gas measurements were recorded (see Table 2 ), it must be remembered that these observations are not independent. The number of independent observations, also referred to as the number of degrees of freedom in the measurements, is much less than the number of trace gas observations. Estimating the degrees of freedom in the present data set is difficult, but we will assume that the number of independent observations in each flow regime is equal to the number of research flights or flight segments in that category. Given this restriction and the large horizontal spatial variability in trace gas concentrations induced by cloud vertical transport, our observations illustrate the effects of vertical and horizontal atmospheric motions upon trace gas concentrations and tropospheric photochemistry.
Polar flow (P and P(rnod)). As noted in part 1, the steep increase of equivalent potential temperature (0.) with altitude in P and P(mod) flow produces convective stability above the lowest layers. Wind direction data from the Oklahoma City rawinsondes and the alignment of the isobars on the National Weather Service (NWS) upper level charts suggest trajectories from the sparsely populated regions to the west and northwest of the flight region. The convective stability of polar flow largely confines surface emissions of pollutants to the shallow mixed layer, where they are more efficiently removed by heterogeneous processes and gas phase photooxidation mechanisms. Vertical transport under these conditions of gentle subsidence is very slow; concentrations of reactive trace gases emitted at the surface should decrease sharply with altitude [e.g., Charneides and Cicerone, 1978] and display uniformly low mixing ratios in the free troposphere.
The profile of carbon monoxide in polar flow agrees with expectations and is characterized by a substantial vertical concentration gradient (Figure 2a ). (To achieve better coverage, data from the P and P(mod) subcategories were combined and are denoted as P/P(mod) in this figure.) Mixing ratios of CO decrease rapidly with altitude; the median [CO] in P flow drops from 142 ppb in L2 to 120 ppb in L4 and then to 69 ppb in L9 (Table 7 ). Tables 6  and 7) would appear inconsistent with the negative gradient observed throughout much of the troposphere under polar flow conditions. Careful examination of the synoptic conditions shows that the air in these layers had an unusual history. Data in L9 and L10 derive exclusively from flights R17 and RS. On R17 (P flow), CO was measured in a thin cirrus deck in the polar air behind the leading edge of a surface cold front, and the high [CO] is attributed to the vertical displacement of lower tropospheric air along the frontal zone. On R5 (P(mod) flow), isentropic back trajectory analysis [Pickering et al., 1989] The typically small coefficients of variability of P(mod) ozone concentrations (Table 6 ) suggest few recent stratospheric inputs of O3 and, combined with the low odd nitrogen and CO mixing ratios, imply that only limited photochemical O3 production occurs in this clean air advected from higher latitudes. While the precise concentration is below our detection limit, the extremely low average NO mixing ratio in L8 ( In polar flow, convection is inhibited; in maritime flow, convection tends to transport, planetary boundary layer (PBL) air to the upper troposphere, while near fronts, convection and mixing occur at many levels. Horizontal bars denote a measure of variability within each regime and represent the standard deviation of the observations divided by the square root of the number of flights or flight segments (assumed to be equal to the number of degrees of freedom) within each category; 5 for P/P(mod), 5 for mT(mod), and 7 for fropa; see Table 1 ). See Tables 6 and 7 Comparison with other measurements.' It would be impractical to compare our observations with previous results on a flight-by-flight basis. In the absence of detailed meteorological observations we make the simplifying assumption that previous trace gas measurements were made largely under clear air, quiescent conditions unaffected by recent convective activity and compare these earlier measurements to our own P and P(mod) data.
The increasing [CO] gradient in L9 and L10 (see
We believe this assumption is valid for a variety of reasons. First, most of the trace gas measurements cited in Table 8 In the middle and upper middle troposphere (L6-L8), median [CO] in mT flow is only 3 to 9 ppb larger than corresponding levels encountered under P(mod) conditions (Table 7) 
Trace Gas Histograms
The analysis of vertical profiles of trace species and the variability of their concentrations provide an estimate of the degree of enhancement over background concentrations induced by both the vertical instability and the recent horizontal trajectories of maritime and fropa flow. However, trace gas histograms provide a more complete demonstration of the population statistics and range of concentrations encountered in each phase of the circulation and thus should be of use in computer models of tropospheric chemistry. Histograms can also provide important insights into the origins and histories of the sampled air masses, insights which may be obscured by a consideration of mean and median profiles alone. Uniform, well-mixed air parcels would be expected to display homogeneous, narrow frequency distributions o f trace gas concentrations, while parcels characterized by a multitude of different source regions or histories should exhibit structured distributions.
Frequency distributions of data collected in each branch of the meridional circulation are presented below. Data collected in P and P(mod) conditions were combined to represent typical trace gas distributions in the postfrontal environment; mT and mT(mod) data were combined to reflect the range of concentrations encountered in the warm sector ahead of surface cold fronts. In order to conveniently illustrate the effects of synoptic flow on the vertical distribution of tropospheric trace gases we constructed histograms for nearly constant volume fractions of the troposphere: (1) We offer the following hypothesis to explain the differences between these two types of high NO events. Correlating the observed concentrations of reactive nitrogen species with measured lightning frequencies entails several difficulties, however. Cloud-to-ground flashes were recorded, but the more plentiful cloud-to-cloud flashes were not. Data were not recorded for every flight, and the aircraft sometimes flew outside the area of reliable coverage.
Lightning frequencies recorded over the flight region are listed in Table 1 Even if we exclude R15 and R16, in which both mT and fropa conditions were encountered, the lightning detector data strongly support the hypothesis that maritime conditions produce much more lightning than fropa. The average number of flashes was about 70 for fropa conditions and over 1000 for mT/mT(mod).
SUMMARY AND CONCLUSIONS
A substantial data set of observed NO, NOx*, NOy, CO, and 
